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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS

424 TRAPELO ROAD

WALTHAM, 
MASSACHUSETTS 

02154

REPLY TO

ATTENTION OF MAY 19 19,,
NEDEDM

Honorable Ella T. Grasso
Governor of the State of Connecticut
State Capitol
Hartford, Connecticut 06115

Dear Governor Grasso:

Inclosed is a copy of the Crystal Lake Dam Phase I Inspection Report,
which was prepared under the National Program for Inspection of
Non-Federal Dams. This report is presented for your use and is based
upon a visual inspection, a review of the past performance and a brief
hydrological study of the dam. A brief assessment is included at the
beginning of the report. I have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action is a vitally important part of this program.

A copy of this report has been forwarded to the Department ot Environ-
mental Protection, the cooperating agency for the State of Connecticut.
In addition, a copy of the report has also been furnished the owner,
Dept. of Environmental Protection Hartford, Connecticut,.

Copies of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Protection for your cooperation in carrying out this
program.

Sincerely,

Inc 1A4. E x
As stated Colonel, Corps of Engineers

Division Engineer

S

_ _ -. . . . . . .. . . . . , . . . . . . . . . _ _ _
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NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT

Identification No.: CT 00138
Name of Dam: Crystal Lake Dam
Town: Middletown
County and State: Middlesex, Connecticut
Stream: Tributary - Sumner Brook 0
Date of Inspection: 1 November, 1979

BRIEF ASSESSMENT

Crystal Lake is an earthen embankment dam with a maximum 0

height of 50 feet and a length of 130 feet. The upstream and
downstream slopes are faced with riprap. The dam has a water
control structure with a 36-inch diameter outlet pipe controlled
by two sluice gates and a stop log spillway.

The dam impounds Crystal Lake which is used for recreational 0
purposes. The lake has a storage volume of 350 acre-feet.
Based upon the height of the dam, the size classification is
intermediate. A breach of the dam could affect about 20 homes
in the probable impact area. State Highway Route 155 would
also be flooded. With the potential for the loss of more than
a few lives and the probability of excessive economic losses,
-the dam has been classified as having a high hazard potential.

The dam is judged to be in generally fair condition. The
crest is level, and no lateral movement was observed. The
vertical and horizontal alignment of the dam is good. Some
minor erosion along the dam adjacent to the left abutment .
was noted. The riprap paving on the upstream face is in good
condition. The rockfill downstream face is also in good con-
dition. Small trees and scrub brush are growing on the up-
stream and downstream slopes and could cause problems if not
removed.

The total capacity of the water control structure and the
36-inch diameter outlet pipe is adequate to pass the spillway
test flood with a freeboard of 0.8 feet.

Within one year of receipt of the Phase I Inspection Report,
the owner, the State of Connecticut, should study and evaluate
the following: 1) develop methods to monitor and ensure proper
operation of the pressure relief wells; and 2) develop methods
of determining potential for seepage through the dam; 3) maintain
clear of trees and brush the dam embankment, an area within 25
feet of the downstream toe, and the outlet channel for a distance
of 100 feet downstream of the dam.

The owner should also carry out the following operations and
maintenance procedures: 1) engage a qualified registered engineer

-S
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to make a comprehensive technical inspection once every year;
2) establish a surveillance program for use during and
immediately after heavy rainfall and also a warning program
to follow in case of emergency conditions and 3) remove grate
or establish provisions for quick release at downstream end
of 36 in. diameter outlet pipe.

S'. Giavara, P.E.
President

Registered CT. 7634

0
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This Phase I Inspection Report on Crystal Lake Dam.

has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions., and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of
DAM, and with good engineering judgment and practice, and is hereby
submitted for approval.

ARAMAST MAHTESIAN, MEBER -
Geotechnical Engineering Branch
Engineering Division

CARNEY M. TERZIAN, MEMBER
Design Branch

k Engineering Division

RAR DIEO0 0 HIRA
Water Control Branch
Engineering Division

APPROVAL RICOHMNDD:

t~aza. RARf
Chief, ftgimeerln" Division

p ... 0



PREFACE

This report is prepared under guidance contained in the 0
Recommended Guidelines for Safety Inspection of Dams, for Phase I
Investigations. Copies of these guidelines may be obtained from
the Office of Chief of Engineers, Washington, D.C. 20314. The
purpose of a Phase I Invest. ition is to identify expeditiously
those dams which may pose h. ards to human life or property. The
assessment of the general condition of the dam is based upon avail-
able data and visual inspections. Detailed investigation, and
analyses involving topographic mapping, subsurface investigations,
testing, and detailed computational evaluations are beyond the
scope of a Phase I investigation: however, the investigation is
intended to identify any need for such studies.

In reviewing this report, it should be realized that the re-
ported condition of the dam is based on observations of field con-
ditions at the time of inspection along with data available to the
inspection team. In cases where the reservoir was lowered or
drained prior to inspection, such action, while improving the
stability and safety of the dam, removes the normal load on the
structure and may obscure certain conditions which might other-
wise be detectable if inspected under the normal operating environ-
ment of the structure.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external condi-
tions, and is evolutionary in nature. It would be incorrect to
assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future.
Only through continued care and inspection can there be any chance
that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydro-
logic and hydraulic analyses. In accordance with the established
Guidelines, the Spillway Test flood is based on the estimated
"Probable Maximum Flood" for the region (greatest reasonably pos-
sible storm runoff), or fractions thereof. Because of the magni-
tude and rarity of such a storm event, a finding that a spillway
will not pass the test flood should not be interpreted as neces-
sarily posing a highly inadequate condition. The test flood pro-
vides a measure of relative spillway capacity and serves as an aide
in determining the need for more detailed hydrologic and hydraulic
studies, considering the size of the dam, its general condition
and the downstream damage potential.

The Phase I Investigation does not include an assessment of
the need for fences, gates, no-trespa-ssing signs, repairs to exist-
ing fences and railings and other items which may be needed to
minimize trespass and provide greater security for the facility
and safety to the public. An evaluation of the project for com-
pliance with OSHA rules and regulations is also excluded.

V
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4:1 for the first 50 feet, and then slopes at 3:1. The construction
plans indicate that the center of the dam contains an impervious fill
core and a grout cap cut off wall. In addition, the plans indicate
a stone drainage blanket and a pressure relief well.

The appurtenant structures consist of a water control structure and
a sluiceway through the dam. The water control structure functions
as a wet intake tower. The water control structure receives water
from a submerged concrete intake structure located at the reservoir
floor 100 feet from the face of the dam. Water is transmitted from
the intake structure to the water control F-ructure via a 36-inch dia-
meter concrete pipe with an inlet invert elevation of 150.0 feet. The
first two chambers of the water control structure contain water to an
elevation of 175.0 feet with the outlet gates in the closed position.
Water enters the third chamber (dry during normal operation) over a
stop log spillway with a crest elevation of 175.0 feet. Water is
transmitted from the third chamber through the dam via a 36-inch con-
crete sluiceway conduit with an inlet invert elevation of 147.0 feet S
and an outlet invert elevation of 130.0 feet. The outlet pipe ends
at the toe of the dam at a concrete endwall with wingwalls.

The outlet works consist of two 24 inch x 24 inch sluice gates at the
base of the water control structure. These gates are manually oper-
ated by metal stems which extend above the top of this structure. 6

c. Size Classification. Crystal Lake has a storage volume of
350 acre-feet and a dam height of 50 feet above streambed. A
height greater than 40 feet classifies this structure in the "inter-
mediate" category according to guidelines established by the Corps o
of Engineers.

d. Hazard Classification.. The dam is classified as having a
"high" hazard potential. Approximately 50 dwellings are located in
the dam failure impact area. In addition, the center of the City of
Middletown is located approximately 2 miles downstream. Approximately
15 houses are in areas where flooding depths of 1 to 3 feet (above first
floor levels) are estimated. About 3 houses would have flooding of 3
to 5 feet. There is significant commercial and industrial development
which would be inundated by a flood resulting from dam failure resulting
in excessive economic loss. With the potential for the loss of more
than a few lives and excessive economic losses, the dam has been
classified as having a high hazard potential.

e. Ownehp. This dam is presently owned by the Connecticut
Department of Environmental Protection, Division of Conservation and
Preservation, 165 Capitol Avenue, Hartford, Connecticut; Dennis P.
DeCarli, Deputy Commissioner; Phone: 566-4522. The previous dam at
this site was owned by Russell Manufacturing Company, Middletown,
Connecticut.

f. Operator. The dam is operated by the Connecticut Department
of Environmental Protection, Division of Conservation and Preservation,
Region III Headquarters, East Hampton, Connecticut; John Spencer,
Region Manager; phone: 295-9523.
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g. Purpose of Dam. The dam impounds Crystal Lake which is used
for recreational purposes. The previous dam and reservoir was used
for water storage purposes by the Russell Manufacturing Company.

h. Design and Construction History. The existing dam was de-
signed in 1963 and constructed in 1966. A Construction Permit was
issued on March 24, 1964 and a Certificate of Approval was issued on
April 27, 1966 for the construction of this dam by the State Water
Resources Commission. Construction plans and specifications were pre-
pared by Onderdonk and Lathrop, Consulting Engineers, Glastonbury,
Connecticut. Pertinent construction plan sheets are contained in Ap-
pendix B. Results of borings and hydraulic/hydrologic design informa-
tion is also included on these plans.

The original dam at this site failed on April 27, 1961. The cause of
failure was thought to be due to excessive seepage. The flood wave
resulted in three persons being slightly injured and eleven homes were
damaged (see Appendix B for Hartford Times account). S

i. Normal Operation Procedures. Water levels in the lake are
normally maintained at the spillway crest elevation of 175.0 feet.
During the fall months, the water surface level is drawn down by
opening the sluice gates to aid in the control of aquatic vegetation.

1.3 PERTINENT DATA:

a. Drainage Area. The drainage area of Crystal Lake is 0.26
square miles which consist of moderately sloping hillsides surrounding
the lake. The land use is limited to the scattered residential dwell-
ings which are located around the perimeter of the lake. The watershed
is about 4,500 feet in length and has a maximum width of about 2,000
feet.

b. Discharge at Dam Site.

1) The outlet works utilize the 36-inch diameter concrete
sluiceway conduit which passes through the dam. This conduit trans-
mits all spillway and outlet works flow. The outlet works consist of
two 24 inch x 24 inch sluicegates at the bottom of the water control
structure. These gates are manually operated by two valve stems lo-
cated on top of this structure. The 36-inch diameter concrete sluice-
way conduit has an inlet invert elevation of 147.0 feet and an outlet
invert elevation of 130.0 feet. The discharge capacity of the outlet
works (gates opened) under 28 feet of head (elevation 175.0 feet) is
180 cfs.

2) There are no known records of past floods or flood stage
heights at the dam.

3) The ungated spillway capacity at the top of dam - 196
cfs @ El. 180.5.

4) The ungated spillway capacity at test flood elevation -
184 cfs @ EL. 179.7.

-3-



5) The gated spillway capacity at normal pool elevation
is not applicable at this dam.

6) The gated spillway capacity at test flood elevation
is not applicable at this dam.

7) The total spillway capacity at test flood elevation -

184 cfs @ El. 179.7.

8) The total project discharge at the top of dam elevation
is not applicable at this dam.

9) The total project discharge at test flood elevation -

184 cfs @ El. 179.7

c. Elevation (ft. above MSL).

1) Streambed at toe of dam ......................... 130.0

2) Bottom of cutoff ............. .............. 128+

3) Maximum tailwater ...................... ...*.... N/A

4) Recreation pool ................................. 175.0 0

5) Full flood control pool ....... N/A

6) Spillway crest .................. 175.0 ""

7) Design surcharge (Original Design) .............. 177.0 S

8) Top of dam ...................................... 180.5

9) Test flood design surcharge ..................... 179.7

d. Reservoir (Length in feet).

1) Normal pool...................................... 3,700

2) Flood control pool .............................. N/A

3) Spillway crest pool ............................. 3,700 •

4) Top of dam ........................... 3,720

5) Test flood pool ................................. 3,715

e. Storage (acre-feet).

1) Normal pool .................. 154

2) Flood control pool ............................... N/A

3) Spillway crest pool ...... 4 - ........... 154

4) Top of dam ...................................... 350

5) Test flood pool ................................. 322

-4-



f. Reservoir Surface (acres).

1) Normal pool . 30.8

2) Flood control pool .............................. N/A

3) Spillway crest .................................. 30.8

4) Test flood pool ................................. 38 .5

5) Top of dam .............. ....................... 39.7

g. Dam. 0

1) Type .............................. Earth embankment

1) Length ............................ 130 feet

3) Height ............................ 50 feet 0

4) Top Width . . .. ... ........ ..... 20

5) Side Slopes ..... Downstream: 2 horizontal to 1 vertical
Upstream: Varies 4 to 3 horizontal to

1 vertical

6) Zoning .......... Impervious fill core with pervious fill

embankment

7) Impervious Core .............. Yes

8) Cutoff .......... Grout cap cutoff wall to elevation 128+

9) Grout curtain ..................... Grout surface seal

h. Diversion and Regulating Tunnel.

1) Type .............................. Not applicable

2) Length ............................ Not applicable

3) Closure ........................... Not applicable

4) Access ............................ Not applicable

5) Regulating Facilities ............. Not applicable

i. SpiIway. -

1) Type ............ Stop log spillway contained within
water control structure

2) Length of weir ............ ....... 6.0 feet

5 -



3) Crest elevation .................... 175.0

4) Gates .............................. No

5) U/S Channel ........................ Reservoir

6) D/S Channel ........ Natural stream channel with gravel and
cobbles

J. Regulating Outlets.

1) Invert ............................. 147.0 feet

2) Size .. .................... 36" circular conduit

3) Description ........................ Reinforced concrete pipe S

4) Control mechanism .............. Hand-operated valve
stems

* 4
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN: 0

The principal engineering data available are:

a. Plans - Construction of Dam, Crystal Lake, Sheets 1-8,
16 September, 1962. Plans prepared by Onderdonk and Lathrop,
Glastonbury, CT (see Appendix B).

b. Specifications for Construction of Dam, Crystal Lake,
Middletown, Connecticut, Agriculture and Natural Resources, Board
of Fishuries and Game, Project BI-BB-53, August, 1962.

c. Several items of correspondence pertaining to the project 0
(see Appendix B).

2.2 CONSTRUCTION:

No information is available concerning the foundation prepara-
tion or embankment construction. Details shown on the contract
drawings are in good agreement with field observations.

2.3 OPERATION DATA:

Operation of the dam by the State DEP, Region III, is on an
informal basis to satisfy the recreational interests of lake
users.

2.4 EVALUATION:. ..

a. Availability. The information available concerning the em-
bankment consists of a design cross section and the identification of
the embankment materials as "impervious core fill" and "pervious
fill." No engineering data is available concerning the properties _
of the embankment materials. No information is available about
the foundation materials encountered during the construction of
the embankment.

b. Adequacy. The available data are not sufficient to eval-
uate the soils in the core and shells and in the foundation of the
dam. The evaluation must be based primarily on the results of the
visual inspection which is adequate for the purposes of the Phase
I investigation.

c. Validity. No conflicts have been noted between the avail-
able data and the observations made during the inspection. In _ 4
general, there is no reason to question.the validity of the avail-
able data.

-- * -



SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS:

a. General. Based on visual inspection, history and general
appearance, Crystal Lake Dam and its appurtenances are judged to be
in fair condition. The crest is level, and no lateral movement was
observed. The vertical and horizontal alignment of the dam is good.
Some minor erosion along the dam adjacent to the left abutment was
noted. The riprap paving on the upstream face is in good condition.
The rockfill downstream face is also in good condition. Small trees
and scrub brush is growing on the upstream and downstream slopes and
could cause problems if not removed. The gate mechanism on the out-
let structure was not operated during the inspection.

b. Dam. Crystal Lake Dam is an earth embankment about 50 feet
high, 130 feet long and 20 feet wide at the crest.

1). Upstream Slope - Most of the upstream side of the dam
is covered by large flat riprap blocks. Brush and grass are growing
between the riprap blocks as shown in Photos No. 1 and No. 2. A
small concrete cutoff wall, 1-ft.-wide by 2-ft.-deep, is located on
the crest of the upstream slope as indicated in Photo No. 3.

2) Crest - The crest of the dam is covered with grass over
most of its length. The grass has not been mowed recently, but there
is a footpath which is bare of vegetation near the downstream edge of
the crest. The contact between the earthen embankment and the right
abutment is not clearly defined (Photos No. 3 and No. 4). Three 2 -
inch diameter pipe casings extend about 2 feet above the crest of the
dam, the purpose of these pipes are unknown.

3) Downstream Slope - The downstream side of the dam consists
of rockfill overlying the embankment section (Photos No. 5 and No. 6).
The rockfill extends to the downstream toe of the dam and is covered
by extensive small trees and fallen logs as indicated in Photo No. 7.
A portion of the contact with the left abutment has been covered with
trash and debris as shown in Photo No. 9. Bedrock is exposed at the
contact with the right and left abutments. 1

c. Appurtenant Structures. The visible portions of the concrete
water control structure above the water level surface is in good con-
dition. The top of the structure is enclosed with a perimeter chain
link fence. There are aluminum grate covers over each of the three
interior chambers. Two valve stems without operator handles were:
observed on the top of this structure (see Photo No. 10).

The inlet which transmits water to the water control structure is
located offshore from the dam at the bottom of the reservoir and was
therefore not visible for inspection.

-8-



The water control structure functions as the spillway and the out-
let works. At the time of the visual inspection, the outlet gates
at the base of this structure were closed and water was discharging
over the stoplog spillway within the structure.

All water which passes through the water control structure is conveyed
through the dam in a 36-inch diameter concrete conduit. This conduit
extends from the water control structure and outlets at the toe of the
dam. The conduit was visually inspected at its outlet located at the
base of the downstream face of the dam-embankment, and found to be in
good condition. The 36" diameter pipe outlets at a concrete endwall
with concrete wingwalls. All concrete was in good condition, with no
evidence of spalling, erosion or efflorescence. A metal bar rack
bolted to the endwall prevents access to the outlet conduit (see
Photo No. 11).

4

d. Reservoir Area. The reservoir has well vegetated banks at S
slight to moderate slopes. In addition, there are scattered residen-
tial homes located along the perimeter of the lake (see Photo No. 13).

There was no evidence of slides or sloughing along the banks of the
lake. No sediment deposits were observed above the water level of
the lake. Sediment inputs to the lake would be a result from natural S
runoff and urbanization.

e. Downstream Channel. The outlet flows into a natural stream
which begins at the base of the dam. The channel width varies from
5 to 10 feet with bed materials consisting of sand and gravel, with
Scattered cobbles and boulders. The bed appears stable but the banks
experienced severe erosion when the original dam failed in 1961.
These banks have since stabilized due to natural soil sloughing and
revegetation. Approximately 100 feet downstream of the endwall out-
let, there is a low valley without a well defined channel. The flood-
plain area and stream are heavily vegetated with brush and young sap-
plings and is covered with forest litter and debris. The channel
downstream of the outlet endwall is filled with fallen trees, brush,
vegetation and trash as indicated in Photo No. 12.

3.2 EVALUATION:

Based on the visual inspection, Crystal Lake Dam is in fair con-
dition.

The contract drawings indicate the existance of a relief well system
beneath the downstream slope of the dam. The presence of this relief
well system could not be confirmed during the site visit.

Trees growing on the downstream slope may blow over and pull out their
roots causing a displacement of the rockfill. Brush and trees growing
along the downstream toe make it difficult to inspect the dam and -

downstream toe area adequately.

The footpath which is bare of vegetation on'the crest of the dam has
low erosion resistance if the dam should be overtopped.

-9- •



SECTION. 4 - OPERATIONAL AND MAINTENANCE PROCEDURES 0

4.1 OPERATIONAL PROCEDURES:

a. General. The water level in the pond can be controlled by
two 24 inch x 24 inch sluice gates at the base of the water control
structure. The pond level is maintained at El. 175.0 which is the
top elevation of the stop planks in the water control structure.
There appears to be no formal operating procedures.

b. Description of Any Warning System In Effect. There is no
formal warning system in effect in the event of a failure or partial
failure of the; structure.

4.2 MAINTENANCE PROCEDURES:

a. General. It does not appear that any formal maintenance
procedures are practiced at the dam. Numerous trees and brush have
overgrown both. the upstream and downstream slopes.

b. Operating Facilities. There are no formal maintenance pro-
cedures followed for the operating facilities.

4.3 EVALUATION:

Regular operation maintenance proceudres for this dam and its
appurtenances have not been developed or implemented.

An emergency action plan should be prepared to prevent or minimize
the impact of failure. This plan should list the expedient action
to be taken and authorities to be contacted.

10

-10- -

. t . . . . . .. . . . . . ... - . ... . . .. . . .. . . . . .. .



SECTION 5 - EVALUATION OF HYDRAULIC/HYDROLOGIC FEATURES

5.1 GENERAL:

The Crystal Lake Dam is an earth embankment dam with a concrete
water control structure which functions as a spillway and outlet
works.

The water control structure receives water from a submerged concrete
intake structure located at the bottom of the located reservoir about 6
100 feet from the upstream face of the dam. Water is transmitted from
the intake structure to the water control structure via a 36 inch
diameter concrete pipe.

The water control structure which is about 30 feet in depth contains
three vertical rectangular chambers. Two 24 inch x 24 inch sluice 0
gates are located at the bottom of this structure and comprise the
outlet works. These gates are operated manually by metal stems which
extend above the top of the structure. During normal lake operations,
these sluice gates are closed. With the sluice gates closed, the first
two chambers are filled with water to elevation 175. The wall between
the second and third chamber consists of stop logs which function as
a spillway for heads of up to 2 feet. For water levels in the reser-
voir greater than elevation 177, this opening discharges as orifice
flow. In addition, when the water surface level rises above elevation
177.67, water enters through the grate over the third chamber, which
operates as a drop inlet. Flow from the outlet structure is carried
through the dam in a 36-inch concrete pipe that discharges at the base
of the downstream slope.

The watershed area is 0.26 square miles which consists of the moder-
ately sloping hillsides surrounding the lake. The watershed is
wooded with scattered open areas. The land use is limited to the _

scattered residential developments which surround the lake. There
are no upstream impoundments or other significant storage areas.

5.2 DESIGN DATA:

The existing dam was constructed during 1966. The only hydraulic/
hydrology calculations available are contained on the construction
plans. The data presented as follows:

Design Data

Drainage Area ......................................... 200 acres

Lake Area .............................. 33 acres

Dam Elevation ....-. 180.5 ft.

- 11- 0



Design Data 0

Spillway Elevation ..... g . ..... .. ... ............. 175.0 ft.

Stop Log Control To Elevation .......................... 165.0 ft.
S

Maximum Drawdown Elevation ............................. 155.0 ft.

Design Storm Rainfall .................................. 4 in. /hr

Lake Storage (100% Runoff) at Elevation 177.0' ......... 4 in. rainfall

Time of Concentration ................... ......... .... 54 min.

Design Runoff Coefficient 0............................. 0.33

Spillway Width ......................... .. . .......... 6 ft.

Discharge at 2' Head .... ............. 55 cfs

Discharge with Gates Opened at 25' Head ................ 100 cfs

The design calculations show that for a 4-inch rainfall with 100 per- S

cent runoff , total storage would be provided at elevation 177 assum-
ing no outflow. The discharge given for 2 feet of head over the
spillway is 55 cfs. The discharge with the sluice gates opened for
25 feet of head is given as 100 cfs.

5.3 EXPERIENCE DATA:
No information is available on past flood experience or flood

stages at the dam.

5.4 TEST FLOOD ANALYSIS:

Under established criteria (OCE guidelines), the recommended
test flood for the size (intermediate) and hazard potential (high)
classification is the probable maximum flood (PMF).

The PMF is the flood that may be expected from the most severe
combination-of critical meteorologic and hydrologic conditions that
are reasonably possible for the area.

The magnitude of the PMF was developed using the Soils Conservation
Service method for determining flow rates as described in "Design
of Small Dams" by the Bureau of Reclamation (see Appendix D). Due
to the small watershed area of the dam, three PMF's were developed

-12 -
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based on probable maximum precipitations for storm durations of 1,
6 and 24 hours. Peak flows (PMF) for these three duration storms
were calculated as 1595 cfs, 679 cfs, and 209 cfs respectfully.
Triangular hydrographs were developed based on these PMF's, with
the time durations set so that the hydrograph would contain the
same volume of water as the estimated storm runoff.

For stage elevations from 175 to 177 feet discharges were computed
as spillway flow with a weir coefficient of 3.3 (sharp crested weir).
At water elevations greater than 177.67 discharges was computed by
the summation of oriface flow over the spillway and the flow that
enters the grate over the third chamber of the water control struc-
ture. At elevations greater than 179.4 the discharge capacity of
the water control structure is limited by the capacity of the 36-inch
diameter outlet. The maximum capacity of the w7.ter control structure
at a stage of 5.5 feet corresponding to a top of dam elevation of
180.5, is 196 cfs. (The stage-discharge curve is contained in
Appendix D.) 0

The three developed hydrographs were routed through the reservoir
using a computer program based on stage-storage and stage-discharge
data to determine the critical storm duration. The reservoir was
assumed to be full to the spillway crest (elevation 175) prior to
the storm event. The most critical storm for this dam is the 6-hour S
duration probable maximum precipitation. This storm results in a
maximum water surface level of 179.7 feet, with 0.8 feet of remaining
freeboard. Therefore, the capacity of the spillway is adequate to
pass the PMF test flood outflow of 184 cfs without overtopping the
dam (compare 196 cfs to 184 cfs).

5.5 DAM FAILURE ANALYSIS:

The downstream impact of a dam failure was analyzed using the
COE "Rule of Thumb Guidance for Estimating Downstream Failure Hydro-
graphs" dated April 1978. 0

Based upon an assumed breach width equal to 40% of the dam's width
at mid-height, the peak flow leaving the dam would be 16,630 cfs,
with an initial depth of 12.9 feet downstream of the dam. The flood
wave routing analysis extended 9,800 feet downstream of the dam,
to the approximate center of Middletown, Connecticut.

Flood wave levels within this reach vary from El. 90+ to El. 80+ with
related depths of flow ranging from 10 to 5 feet at site of residen-
tial homes. Calculated flows are about 15,000± cfs, 1,000 feet down-
stream of the dam, and 5,300± cfs at 9,800 feet below the dam.

The areas of probable impact include scattered residential homes
along Millbrook Road and East Main Street. In addition, State
Highway Route 155 is located 3,500+ feet downstream of the dam.
The number of dwellings in the proSable impact area is approximately
20. It should be noted that the failure of the dam at this site in
1961 caused siqnificant economic loss but no loss of life. Approximately
15 houses are in area where flooding depths of 1 to 3 feet (above
first floor levels) are estimated. About 3 houses would have flooding
of 3 to 5 feet. About two houses would have flooding of 5 to 10 feet.

-13 -



SECTION 6 - EVALUATION OF STRUCTURAL STABILITY S

6.1 VISUAL OBSERVATIONS:

No evidence was observed indicating structural instability of 0
the embankment dam.

6.2 DESIGN AND CONSTRUCTION DATA:

Sufficient data is not available on the soil properties and de-
sign and construction of the earth embankment to permit a formal
evaluation of stability. The design data reviewed, however, does not
point to any sources or areas of structural instability.

QS

6.3 POST-CONSTRUCTION CHANGES:

A comparison of the visual appearance of the dam and the record
drawings indicate that no major modifications have been made to the
dam.

6.4 SEISMIC STABILITY:

This dam is in Seismic Zone 1, and in accordance with the recom-
mended guidelines of the Corps of Engineers does not warrant seismic
analysis.

- 14 -



SECTION 7 - ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 DAM ASSESSMENT: S

a. Condition. A visual inspection and a review of available
design information indicate that Crystal Lake Dam is in generally
fair condition and functioning adequately. No immediate actions
to remedy any serious problems are required.

The total capacity of the water control structure is adequate to
pass the PMF test flood outflow of 184 cfs without overtopping the
dam (compare 196 cfs to 184 cfs).

b. Adequacy of Information. The evaluation of the dam is
mainly based on the results of the visual inspection assisted by 0
the general physical dimensions provided in the available contract
drawings.

c. Urgency. The owner should implement the recommendations in
7.2 and 7.3 within one year after receipt of this Phase I report.

7.2 RECOMMENDATIONS:

The following items should be performed under the direction of a
Qualified Registered Engineer:

a. Develop methods to monitor and ensure proper operation of
the pressure relief wells.

b. Develop methods of determining potential for seepage
through the dam.

c. Maintain clear of trees and brush the dam embankment, an
area within 25 feet of the downstream toe, and the outlet channel
for a distance of 100 feet downstream from the dam.

7.3 REMEDIAL MEASURES:

a. Operating and Maintenance Procedures. The owner should:

1) Engage a Qualified Registered Engineez to make a
comprehensive technical inspection once every year.

2) Establish a surveillance program for use during and
immediately after heavy rainfall and also'a warning program to
follow in case of emergenc-' conditions.

3) Remove grate or provisions for quick release at outlet
end of 36 in. diameter pipe.

- 15 -



7.4 ALTERN~ATIVES:

There are no practical alternatives to the recommendations pre-
sented in 7.2 and 7.3 above.
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INSPECTION CHECK LIST

PARTY ORGANIZATION

PROJECT Crystal Lake Dam, Middletown DATE Oct. 1, 1979

TIME 1200

WEATHER Sunny 60 F

W.S. ELEV. U.S. DN.S.
4

PARTY:

l.R.Smith, FGA, Project Manager

2.P. Burgess, FGA, Hydraulics/Hydrology

3.R. Murdock, GEI, Geotechnical

4.

0
PROJECT FEATURE INS 'ECTED BY REMARKS

1.

2.

3.

4.

.5. 0

6.

7.

8. 0

9.

10.

0

0
A-



PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM, Crystal Lake Dam, CT DATE Oct. 1, 1579

AREA EVALUATED CONDITIONS

DAM EMBANKMENT

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Unknown.
Date

Surface cracks None.

Pavement Condition Grassy surface, path 15" wide, 3" rut S
across dam.

Movement or Settlement
of Crest None.

Lateral Movement None observed.

Vertical Alignment Good.

Horizontal Alignment Good.

Condition at Abutment and Some minor erosion along dam adjacent
at Concrete Structures to left abutment.

Indications of Movement
of Structural Items on
Slopes None.

Trespassing on Slopes Rockfill downstream face, riprap paving
upstream.

Sloughing or Erosion of
Slopes or Abutments

Rock Slope Protection - 5
Riprap Failures None observed

Unusual Movement or
Cracking at or near Toes None.

Unusual Embankment or

Downstream Seepage None.

Piping or Boils None.

Foundation Drainage Drawing indicates downstream drainage
Features blanket.

Toe Drains Downstream drainage blanket.

Instrumentation System Possible piezometer.

Vegetation Grass along crest.
A-2



PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Crystal Lake Dam DATE' Oct. 1, 1979

AREA EVALUATED CONDITIONS

DIKE EMBANKMENT Not applicable.

Crest Elevation

Current Pool Elevation

Maximum Impoundment to
Date

Surface Cracks

Pavement Condition

Movement or Settlement

of Crest

Lateral Movement

Vertical Alignment

Horizontal Alignment

Condition at Abutment and S
at Concrete Structures

Indications of Movement
of Structural Items on
Slopes

Trespassing on Slopes

Sloughing or Erosion of
Slopes or Abutments

Rock Slope Protection - -

Riprap Failures

Unusual Movement or
Cracking at or near Toes

Unusual Embankment or
Downstream Seepage

Piping or Boils

Foundation Drainage 0
Features

Toe Drains

Instrumentation System

Vegetation A-3



PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM' Crystal Lake Dam DATE, Oct. 1, 1979

AREA EVALUATED CONDITIONS

OUTLET WORKS - INTAKE
CHANNEL AND INTAKE Underwater
STRUCTURE

a. Approach Channel

Slope Conditions

Bottom Conditions

Rock Slides or Falls

Log Boom

Debris

Condition of Concrete
Lining

Drains or Weep Holes

b. Intake Structure Concrete above water in good condition,
valve stems appear in good condition.

Condition of Concrete No valve operators.

Stop Logs and Slots Underwater.

A-

, . 0
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PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM, Crystal Lake Dam, CT. DATE' Oct. 1, 1979

AREA EVALUATED CONDITIONS

OUTLET WORKS - CONTROL TOWER Not applicable.

a. Concrete and Structural

General Condition

Condition of Joints

Spalling

Visible Reinforcing

Rusting or Staining of
Concrete

Any Seepage or
Efflorescence

Joint Alignment

Unusual Seepage or Leaks
in Gate Chamber

Cracks

Rusting or Corrosion of
Steel

b. Mechanical and Electrical 0

Air Vents

Float Wells

Crane Hoist

Elevator

Hydraulic System

Service Gates

Emergency Gates

Lightning Protection
System

Emergency Power System

Wiring and Lighting
System in Gate Chamber

A-9
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PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM -

DAM, -Crystal Lake Dam DATE, Oct. 1, 1979

AREA EVALUATED CONDITIONS

OUTLET WORKS - TRANSITION
AND CONDUIT Not applicable.

General Condition of
Concrete

Rust or Staining on
Concrete

Spalling.

Erosion or Cavitation 0

Cracking

Alignment of Monoliths

Alignment of Joints S

Numbering of Monoliths

A0

A-8 -



PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM' Crystal Lake Dam DATE' Oct. 1, 1979

AREA EVALUATED CONDITIONS

OUTLET WORKS - OUTLET
STRUCTURE AND OUTLET
CHANNEL

General Condition of Excellent condition, no evidence of

Concrete deterioration.

Rust or Staining None.

Spallini None.

Erosion or Cavitation None. S

Visible Reinforcing None.

Any Seepage or
Efflorescence None.

Condition at Joints

Drain Holes None observed.

Channel Natural soil and gravel bottom.

Loose Rock or Trees Trees and rocks overhanging channel on
Overhanging Channel both banks.

Condition of Discharge Considerable trees, brush and trash
Channel located in channel downstream of outlet •

works.

A-7



PERIODIC INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM, Crystal Lake Dam DATE: Oct. 1, 1979

AREA EVALUATED CONDITIONS

OUTLET WORKS - SPILLWAY WEIR
APPROACH AND DISCHARGE
CHANNELS

a. Approach Channel

General Condition Upstream face of the dam underwater.

Loose Rock Overhanging
Channel

Trees Overhanging 0
Channel

Floor of Approach
Channel

b. Weir and Training Walls

General Condition of
Concrete

Rust or Staining

Spalling

Any Visible Reinforcing

Any Seepage or
Efflorescence

Drain Holes None.

c. Discharge Channel

General Condition Same as outlet channel.

Loose Rock Overhanging
-Channel

Trees Overhanging 0

Channel

Floor of Channel

Other Obstructions

0 0



PERIODIC INSPECTION CHECK LIST

NATIONAL DAM INSPECTION PROGRAM

DAM, Crystal Lake Dam, CT. DATE: Oct. 1, 1979

AREA EVALUATED CONDITIONS

OUTLET WORKS - SERVICE
BRIDGE None.

a. Superstructure

Bearings

Anchor Bolts
9

Bridge Seat

Longitudinal Members

Under Side of Deck

Secondary Bracing

Deck

Drainage System

Railings

Expansion Joints

Paint

b. Abutment & Piers

General Condition of
Concrete

Alignment of Abutment

Approach to Bridge

Condition of Seat and
Backwall

A-9
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HARTFORD TIMES -APRIL 27 1961 _

Crystal Lake Leaves
Sea of Mud in Wake
By DENNIS RILEY -

rimes Staff Writer
Midletown - The Crystal Lake Dam burst here be. CLEANUP CREWS and

fore dawn today, sending miions of gallons of water pour. newsmen poured in as flood
Ing into lowlands over an area of several square miles.. waters susbsided.
1 Three persons were slightly injured a"Don't bother to wipe your
. rand hoes feet," one stoic resident saidwere damaged. The dam itself, about 60 as a newspaperman entered

About 50 persons in 15 feet high and 40 feet wide. his home. He found a half-families were evacuated'from was a brownstone arch struc- inch of mud covering the en.the flooded section after the ture. Skindivers had checked tire downstairs, his cellar
dam gave way at 2:45 a. m. it in recent days. completely flooded, and six

Sanmuel G. Cannon, super- Spokesmen at the Russell inches of water left in the,
Intendent of Public Works, Manufacturing Co. said pre- bottom drawers of furniture
estimated damage to houses vious findings were that and appliances as the water
alone at $100,000. Winter frost had damaged level went down.

John C. O'Brien, deputy the dam wall. Russell has At Crystal Lake this morn.
superintendent of Public water rights to the pond. ing, dozens of youngsters
.Works, set $50,000 as a pre- Superintendent. C a n n o n scoured the mud flats, once
liminary estimate of high- said no official finding has the lake bottom, looking for

-way damage. Personal prop- been made on the cause of fish and souvenirs.
:erty, utility services and the break. Boats left tied last night 0S S

;farms also were hit. TREATED at Middlesex to shortline docks were hang-
A bridge over a small Memorial Hospital for shock. ing, suspended by their moor-

brook was washed out. scratches andabrasions were ing lines, over a gaping
- Mayor Harry T. Clew, later Mrs. Connie Geremia, n chasm of mud.
.this morning, called on the her 40s; her daughter Cheryl. "They knew for years this
Federal Housing and Home 14 and Miss Carol Imme. 4U. would happen," one old-tinier
Finance Agency to declare a identified as Mrs. Geremia's said. "When my father built
'flood section here a disaster sister. his •ouse there in the valley. .
area. He requested a field Reported flooded were the years ago, they tried to stoprepresentative to come Fri- houses of Lou Petruzello. him.".
day to inspect the damage.. Cleanup crews wered t t dt George Clegg, Lewis Angi, plagued by bogged trucks

Abert Geremia, Joseph Cia- and snarls of tree limbs and
THE SCENE was described burr, Louis Russo, Loy rubbish. Police had difficulty.as a "nightmare" in the iHoyle, Edward Landell, routing traffic and curiousMll ok Rd. and Prout Hill Thomas Eastwood and spectators around the dis-:Rd. sections. Charles Gilbert.
Some persons were F The home of Michael aster area.

"washed out of their homes" Champey was less seriously
and then hung onto fences :damaged, Chief Milardo re-
until they were rescued, po- ported. About six autos were
lice said. washed away.

Police were notified in a, The lake, on a hill, was
phone call from bls. Mary fed from foothills south ofV. Gilbert, a resident af- !Prout Hill Rd., Mr. Cannon
fected. Isaid.

.- Policemen, firemen, Pub-' When the dam broke the
le Works personnel, Red water rushed down and first
Cron units and utilities em- hit the Landell Poultry Farm.
ployas helped in the rescue. It next struck the GilbertChief Michael Milardo of 'home, the the others, rushed
the South Fire District com-'past the Russell Manufactur- - .pany, said the flood peaking Co. and on into the Con-
ame at 3:15 and lasted brief- necticut River.

td 3:30, he said, water A brook carried the waters
to recede. harmlessly past a low section

TU LAKE WAS about a of the Russell planL
mil long, up to 60 feet deep
and 500 feet across at its _____
gUeatest width.

All that remains are pud-
dls. The lake had been used
for swimming and fishing
•actilvtie in a Falcon Park
rereation progra m.



K STATE OF CONNECTICUT -

WATER RESOURCES COMMISSION

SAuTZ OFICE BUILDING - HARTFORD, CONNECTICUT 06115

Crystal Lake Dam, Middletown a

Summary of File

October 17, 1946 - Letter from T. M. Russell, Russell Mfg. Co.,
stating that Crystal Lake Dam had been leaking
'during summer and repairs contemplated. Inquiry
as to procedure.

November 5, 1.946 - Received preliminary applic ion form for proposed
•_ repairs. No plans.

November 22, 1946 - Memo from J. Curry t ch Martin, Chairman,
V. R. C., describin potential of damage
downstream.

November 26, 1946 Letter from P L ell, Memb r State Board of
Supervisor Da Russell Mfg. Co., outlining a S
procedure fo ining repairs to be made.

January 30, 1947 - Let almer to Richard Martin, S. B. of S.
of ms,de. ib repairs almost completed, and
op ng thaJ ertificate of approval would not be
ec ary 4e work did not involve structural
chan~~

February 10, 1 9 Ie r from B. H. Palmer to Russell Mfg. Co.,
a ing them of -substantial leak in the dam- and

gesting that pond be Lowered to facilitate repair.
The dam is in no danger of failing."

August 2, 1955 - Ltter from B. H. Palmer to Russell Mfg. Co., atten-
tion of Mr. Wilson, stating that on this date the
writer observed a substantial leak in the dam.
Estimated that leak had been running for two or three
,Onthsbut not longer than that. Recommends excavation
to determine location of leak.

November 12, 1.957 - Letter of report from B. H. Palmer to W. R. C.,

suggesting certain repairs to dam.

April 27, 1961 - Dam failed.

April 27, 1961 Report of damage to Highway Route 155 by Robert A. Norton.
COPY attached to and filed with memo to M. Wayne dated
January 16, L962.

r.1

_S
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May 12, 1961 - Report of dam failure from J. Curry to W. Wise.

May 16, 1961 - Letter from W. S. Wise to Russell Mfg. Co., advising 0
them that as a result of W.R.C. meeting on May 15 ...
"you as the reported owner of this dam to take
immediate steps to correct the hazardous conditions
at the site." - i.e., embankments.

may 18, 1961 - Letter from Russell Mfg. Co. to V. Wise - question
of their ownership, etc.

June S, 1961 Memo to Walter T. Schuler from Edward F. Harris
regarding property search and defining Russell Mfg.
as owners of dam.

November 27, 1961 - Memo J. Curry to Commissioner J. Gill "concerning
the Interest of the W.R.C. and its Predecessor
Agencies in the Crystal Lake Dam."

January 15, 1962 - Copy of entire folder sent to:

Mr. Robert P. Volpe
Attorney at Law
75 Pearl St.

Hartford, Conn.

March 15, 1962 - Copy of entire folder sent to:

Mr. Louis Johnson
Attorney at Law
Main St. 4

Middletown, Conn.

May 2, 1963 - Memo from H. G. Hunt, Chief, Design and Review of
Public Works Dept. to W. S. Wise - "Enclosed are
final plans" (for dam).

May 20, 1963 - Report from A. J. Macchi, Engineers, acting as con-
sultant to W.R.C., commenting on design by Onderdonk
and Lathrop.

May 29, 1963 - Reply by Onderdonk and Lathrop to design comments.

June 6, 1963 - Letter from A. J. Macchi to W.R.C., summarizing
meting with design engineers.

June 2S, 1963 - Letter from Onderdonk and Lathrop to V.R.C., replying
to A. J. Macchi's comments.



July 10, 1963 - Letter from A. J. Macchi, answering comments of
Onderdonk and Lathrop.

September 5, L963 - Letter from Onderdonk and Lathrop mentioning changes
In design as proposed by Clarence Welti, Soil Engineer.

September 26, L963 - Memo from H. G. Hunt-to W. S. Wise - "Enclosed is a
final submission on the above project." -

October 17, 1963 Letter from A. J. Macchi, commenting on revised
plans.

November 6, 1963 Memo from M. R. Case, Assistant Chief Engineering,
Public Works Dept., to J. Curry - enclosing letter 0
(comments) by both Onderdonk and Lathrop and
Clarence W. Welti.

November 27, 1963 - Letter from A. J. Macchi with comments on letter
from Clarence Welti.

December 10, 1963 - Letter from Onderdonk and Lathrop to T. J. Murphy,
Commissioner, P. W. Dept., commenting on A. J. Macchi's
reviews.

January 28, 1964 - Memo from J. Curry to Timothy J. Murphy, Jr., suggesting
ways of completing negotiations.

February 26, 1964 - Letter from T. J. Murphy, Jr., to Onderdonk and
Lathrop asking them to revise plans.

March 6, L964 - Application for Construction Permit with Revised
plans.

March 11, 1964 - Letter to W.R.C. from A. J. Macchi -ecomumending
approval.

March 24, 1964 - Construction Permit issued for dam. 0

April 11, 1966 - Letter to W.R.C. from A. J. Macchi recommending that
a Certificate of Approval be issued.

April 27, 1966 - Certificate of Approval issued on this dam.



_O- DROONK & LATHROP
msm.OIIJ 31441u, STATE WATER RESOURCES S
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RECEIVED

MAY 3 11963

" W 29, 1963 ANSWR7D.......... ....RERRTD ..

F.IED ..............
A. John ,acohi, P. Z.
44 Gillett Street
Eartford, Connecticut

2es Construction of Dom e
Crystal Lake
Niddletown, Connecticut

3e~i r. Kschit

Tour recommendations of may 20, 1963, based upon review of the "
plans and specifications for this project are appreciated. Our comments
a"e am follows:

Item 1. An analysis of the design made by our Soils Engineer, Professor
Karl Hendrickson (University of Massachusetts), indicates a safety factor
of 2.7 against sliding compared to a usual safety factor of 1.5 to lo in C
earth work of this nature.

Item 2* Professor Hendrickson in of the opinion that the placing of the
pout cap two feet into the rock may not be necessary, but it is conserva-
ive and will make the concrete seal somewhat more effective.

4

This office will include this item in the plans if funds permit.
the extra cost, involving the removal of approximately 35 cut yds. of rock
and rplacing with concrete, would amount to about $1,600.00.

Itm 3. Riprap was not provided around the outlet end wall of the 36"
.C.P. as the end wall will be in rock and the adjacent slopes are covered

with rock fill.

Item 4. It is the opinion of our engineers that elimination of the top
ladder rungs and replacing with a short hinged ladder, is not necessary for
the following reasons:

(a) The area provided for flow at the top of the chamber is much
greater than required. Icing up of the rungs would be a
negligible factor for flow.

(b) aintenance would be increased by having a hinged ladder.
(e) Xxtra cost involved.

11 nwel. Ie are enclosing for your information three reports by Professor
nadrickson: .- ..*

(a) Deport dated April 26, 1963, based upon review of the basic
plans and speci.fications. His suggestions were incorporated
I the final plans and specifications.

(b) Report dated May 13, 1963, based upon review of the final
pleas and specifications. His suggestions will be
Imeorporated in the contract documents.

S



ONDUDONK S LATHROP

A. Jeln IKoohi, P.. uo- -" ?

R) Report and S1lding Analysis dated May 24, 1963, based
uponA. . acehil review cooonte of May 20, 1963.

If there are any further cosents, please cal this offie.

Iour very truy,

A.
A. Suice Onderdonk, P. Z,

00. O/eDO . -:--

Public Works Departanst
Water o eoeurces Coaz.s.io_

/,, ~__e ...

o _

_ S_



Commonto on sheet I of 2

Crystal Lake DAa
.". dletown, Connecticut

" . April 26, 1963

youndation-Com"ntot

1s oJckt Ueathered sandstone and shale with frequent eases of
weathered siltstone which id poorly consolidated*

0
---- 2. This site to unsuitable for masonry dam. .

.3, The rock and earth dam show& best suits the site.

Seepage:

1. The site will alwa's bave minor seepage along the bedding
eases of the rock. The lose of water,. in itself, is not of
concern sinwe previous reservoir history indicates that the
leaks are not greater than the.inflow.

2. Since the dip of the bedding directs water flow.deeply, 0
danger of uplift exists only in the qrea directly oelow
the centerlLne of the proposed dams

3. As a basic design principle, good watertightness about the
core and upstream wnon coupled with free and comppete draictqe
of all portions of the dovzstrea2 embarkment foundation will - S
assure stability with respect to both leaAage and uplift*

Io Seepage alomjg the conduit within the core is adequately cared
for in the design* Younding the conduit on a concrete bed
resting on rock, and installing the seep fins as shown is
satisfactory*

Core:
1. The cross-section of the core is satisfactory for the material 2

proposed. Seepage loss through the core will be in the order
of 10 to 20 cubic feet per day. 0

2e. ock treatneat at the core section by grouting will improve
the watertightness. A grgut curtain made up of holes 5' on
centert 151 deep on the floor of the site and 10' deep normal
to the walls will aaterially reduce foundation and abutant

* . leekagee.0

3.A 3' wide plain concrete cut-off stepped in such a wAy that no
part of the top is less than 2' from the foundation, and each

:.pie." is keyed to its neighbor will reduce the piping liability
along the rock contact.

*"A11 parts of the exposed rock In -contact with the core must
•have dental treatment to fill seams and cracks where the core,
mLSht erode.

* .*'.- . .0

.3 , .', 'i ., , .9,. - .; ' . ' . -'' *--, .. :. .'.. . . . ,- .. . .. .. .
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Karl N, Hendrickaa

56 Berksh ire Terrace
Amerst, Massachusetts

My 15 1963

Onderdonk and Lathropp Consulting T46iaeOrs
2512 Main Street
Glastonburys Conrecticut

let Crystal Lake Dan In MIddleto,.

De Bruce,

r have revIewed the subject plsans and specifications sand have
the follo1A oai~aLLes

1. Specs. Div 6, Sect 2 and 3. Use additional words to- #.%ov
that opt. dansity is related to Standard Proctor, ASIN
D69-57T, or AAS3HO Standard.- -

2. It may be necessary to drep from 95% to 90% in the fr,.)r-
vinus section because of the limited working space.

3. laM tamping with pnomzatic or Cas tools may be needed
a roung the conduit and at unevan opa~b on the ledge.

I" The first ;routing holes on tho west abutment may reved%
Oltt g"r1utirl. th1e vast butrant is wzsiceesary. (.;*

Bars Holes 67S arad,)

5. If a sit-"tion exists wihere the intake could be pli.!qsd,9
the overflow struct.Irs e~typ i th~e reoir fun

* Upift on the 'booton. of the structure beco!As
critical and vil.1 roquire a couple of rock ano-norve

An1 other features appear satisfactory %ad safe.

X leave for Colorado on June 1, and hope that you and Bob
have a evzor as interesting and enjoyable as mine promises
to be

pest viabesp

Foundation Engir

OPIOFrl'A LAMOP _

%;LS~V'I9 Y CONN



Karl N. ~.e1:at

krkers?, Masachusetts

Mowtn 2-4, 1l'63

r. I - # ., an. r :

ftiCrys4at tak' DA- - S k1-r Aslt;*Ii

Dea r 3r I-t

is

fac-.3r~ --f n. i4 o-tn 0-v _rt

Beg:~ ., tL-4

Kal N.
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- P. 0. Box 473
Idaho Springs, Colorado

June 19, 1963

Onderdonk and Lathrop, Engineers
Glastonbury, Connecticut

Be: Crystal Lake Dam - Middletown

Dear Bruce,

Sorry my report on the items listed was not complete enough to answer 0
the questions raised at the conference.

Referring to the June 6, 1963, letter which had the June 5 minutes
listed, I w..11 attempt explanations of those points questioned:

1. "This site is unsuitable for a masonry dam" -

The borings indicate that the rock on the west side of the site is
firm and less weathered. It is a fairly hard and competent-con-
glomerate resting on hard basement. Site inspection also makes
the difference no iceable. The west side of the ravine is steeper
and more sound. The rock on the east is shale and sandstone with
seams which ar weathered and soft. Disregarding, for the moment,
the strike anddip of the shale and sandstone, this means that a
masonry dam, a rigid structure which has relatively high founda-
tion pressures, would be bearing on rock part of which has a lower
modulus than the rest. Fluctuations of the reservoir level causes
up and down stress values. The resulting strains are not as re-
versible elastically and there would be progressive damage on the
east side. The only design remedy for such a situation is a
combination of upstream blanket, extensive grouting, and relief
wells. The earth dam has much greater contact area, and is some-
what flexible, and therefore, more adaptable to sites with poor 0.
foundations.

This is the main basis for my quoted statement.

2. "Are the assumptions in the sliding analysis completely dustified?"

My critical assumptions are listed below with the current reasoning.

a. 0, an& of friction, of disintegrated shale and sandstone = 220.
This is not the result of a test, but is an estimate based on
tests I have performed on similar material. This is possibly
my weakest assumption.

b. A seepage net could be separately for the core and for the
foundation beneath it if the permeability of the foundation
material is different.

If the permeability of the foundation is greater than that of
the core of the dam, and this is the only critical foundation



r -2-

problem, then the uplift pressure of the water on the dam may
be estimated graphically. The figures on the free body at
60' R are based on a flow net, assumed unit weights of the
moist compacted soil, thrust due to static water pressure,
and active earth pressure on the upstream face.

The J for the intact rock in contact with soil is assumed,
due to the specified foundation treatment, to be that of the
soil, 38 is an average value in this area.

Sluicing. This item of concern to Mr. Macchi is a very real one, and

in an earth dam is called piping (sometimes backward erosion). The same
danger is present in a masonry dam where the contact between the masonry
and the foundation may be destroyed. This mechanism is called "roofing".
When seepage water is permitted to escape at a gradient which will remove
soil, backward erosion starts. Earth dams are made self-healing in this
respect by protective filters which permit the water to escape but retain
the soil. As long as no soil is lost, no threat to stability exists.

Location: Between the core and the base, the dental work, grouting,
and the key wall which is made up of the grout cap plus the seepage wall
has this as one of its main functions: to prevent loss of soil due to a
minor crack or path in the foundation which might not be detected during
construction.

Between the east bank and the downstream Dervious embankment the
seepage in the east bank will follow the dip in the rock. The material
called for in the embankment has a grading which will allow the water to
pass safely but will not allow soil g-ains to be washed through.

Between the east bank and the rock toe a layer of gravel bedding of
the grading specified performs the same function.

In conclusion: (To the sluicing item) With normal care in the inspection
of the grouting, placing of the various types of fill, it is believed by me
that in the area of the dam, the danger due to piping is low.

Very truly yours,

/a/ Karl N. Hendrickson
Foundation Engineer

STATE WATER RESOURCES

COMMISSION
RECEIVED

JUN 2 5 1963

ANSWFERD...... .-REFERRED,
IFILED ... ...... ......... ........... .--



ic%,rX0ONK LATHROP S

--. in STATE WATER RESOURCES
COMMISSION

RECEIVED

September 5, i% SEP 6 1963
ANSWRD--
REFERRED.

9. J. Murphy, Jr., Co tissi@e RF1ED.-
fhblic Works ,.rrtzent
State Office Buildi .
Eartford, Conacticut So Construction of Dam

Crystal Lake
Middletown, Connecticut

• Proaect 3I-BB-)
Attention: S. W.. Allen, Chief ngineer

Dear Mr. Allen:

1. In view of the many discussions concerning the design of this project
and due to the absence of ?rofessor Hendrickson who is still in Colorado
Investigating dam sites for Stone and r'iebster, we have now retained
Clarence ',1elti, F. E., Soile Eninoer, to make an additional review of
the plance m ecifications for tbe proposed dam at Crystal Lake. Pr,
Uelti has lust returned frcm Switterlino where he has spent a year study-
Iag the latest methods of dam design.

2. Mr. Welti has re-checked the design of the dam for stability and for
"piping". His report makes several suF.etions for tihter construction •
controls and for additional safety features which we would like to in-
corporate into the final -lans ana specifications. The more important
items are as follows:

a. Reduce core size to 10 foot width at top with side slopes
of 1/2:1.

b. Place core material under piezometric controls.
e. Construct concrete core wall 6 feet below rock surface

and 5 feet in~to core. Fressur* grout to 8 feet below
core wLl.

6. Install relief-sells of 3" minimum diameter to depth of
JO feet. The relief-wells should be spaced 8 foet on e
center and located under the middle of the drainage
blanket.

3. We trust that with these additional safety features, the dam design will
meet the approval of the Water Resources Commission so that the final
contract documents can be coepleted. we shall be glad to discuss any
futher quetions concerning this dam at your convenience*

Very truly yours%

A. 3, Onderdonko P. 3.

so. later Resources
A* Jo XaccbLo P. E.
Fle
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6i ms Ob STATE WATER RESOURCES
COMMISSION

RECEIVED
septeaber , 1963 SEP 6 1963

ANSWER;D
2, J. Iq=Tphyt Jrot 9 uissoner REFERRED.-

~ . p~, ir, oaieioerFILED---- ....
Public Works Derartment
State Office tildriLg
Brtford, Connecticut o e

Ubs Construction of Dan
Crystal Lake
Kiddletown, Connecticut
Project DI-BB-53

Attentions 8. 1. iAlen, Chief Zngineor

Dear Mr. Allen:

1. In view of the many discussions concerning the design of this project
and due to the absence of Professor Hendrickson who is still in Colorado
Investigating dam sites for Stone and '.ebster, we have now retained
Clarence ,5elti, P. E., Soils Enginoer$ to zake an additional review of
the plano and ecifications for the proposed dam at Crystal Lake. Hr.
Uelti has just returned from Switterland where he has spent a year study-
Lng the latest methods of dar desi6-n.

2. Mr. Welti has re-checked the design of the dam for stability and for
wpiping". .is report makes several sugrgestions for tijhter construction
controls and for aaditional safety features which we would like to in-
corporate into the final plans anQ specifications* The more important
items are as follows:

. ~Reduce core size to 10 foot width at top with side slope*
of 1/2:1. •

b. Place core material under piezometric controls.
e Construct concrete core wall 6 toot below rock surface

and 3 feet into core. Pressure grout to 8 feet below
core va~l.

d. Install relief-sells of 3" minimum diazeter to deptb of
30 feet. The relief-wells should be spaced 8 feet on -

center and located under the middle of the drainage
blanket.

3. Wt trust that with these additional safety features$ the dam design will
meet the approval of the Water lesources Commission so that the final
contract documents can be copleted* e shall te glad to discuss any
further questions concerning this da at your convenience.

Very truly yours,

s A. I, Onderdonk, F. 3o
go, later Resources

A. Jo xacchis, P. E.
F lu



STATE WATEl RISOURCSCOMMISSION -.

RECEIVED
NOV 8 1963

AN WA .D ... .... -..-.-...EREFERRED .......... . ....... ..
R E b .. ..... ... ............. ..........

IFILED...... ..........

".OCT 0 1963 CLARENCE W. W ,ELTI, . .
C. BRUNO PRIMUS, P. E."...-., '(. , LATH1OP

GLASTO _J'JUR Y. CONN'J.

EX TINTEFLIX TG SER:'IIES INTCORPOILA.TED

GLASTONBURY, CONN.

October 29, 1963 ME-3-4623

Onderdonk & Lathrop, Engineers
2512 gain Street
Glastonbury, Cona.

Be: Crystal Lake Dan; Middletown/and Letter A. J. Macchi to
Water Resources Cormission on Subject Dan

Dear Siro: ENG. oCT 3 1 "'13
With regard to the above I have reviewed the proposed dam and find the
following:

1. As regards gradation of core I recol.uended a reduction in the
lower limit of grain size for the foilowi&g reasons (a) the lower
as originally propoad would permit u.; of v. rved clays, which
would -.have extremely low strengtb characteriatics aaca would -O
carry high pore water pressures for long periods of time and (b)
there would be inherent difficulty in compacting the materials
with high clay percentages.

The core as proposed represents a compromise common to all properly
designed dams, i.e., a balance between strength characteristics (La-
cluding reduction In pore water pressures) and a reasonable perme-
ability in the core. The latter we are obtaining by requiring the
slit-clay in somewhat lesser quantities than originally planned but
with material wherein the required degree of compaction is readily
obtainable. It might be mentioned here that permeability is an in-
verse square function of the density of the soil and an exponential
function of the 10% size. Thus the criteria as mentioned above ap-
pear to be adequate,

2. As coucerns providing protection against "sluicing"; action is
possibly warranted. However, consideration should be given to
the statistical probability of a sluicing action on the downstream
portion of the dam. Conditions for a statistical analysis are as
follows: (1) the stratification is 20 - 309 to the east (2) the
rock exhibits layers in the upper portions, which are somewhat de-
composed, but below 10 - 15 feet *edd to be fairly tight (3) the
usual continuity of blocking or cleaving Is perpendicular to the e
bedding and is never over 3 to 4 feet (4) the depth of the curtain
wall and grout is at least 16 feet.
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Firstly, the ehistance of a continuous stratum sloping from the surface
toward the bottom of the grout curtain or below the grout curtain (in all
oases parallel to prevailing to. stratification is statistically about 1
In 50 at the highest stratum (bottom of grout curtain) with progressively
los chance In the deeper strata of such a pervious stratum.

Assuming that the decomposed stratum or pervious stratum exists immediately
at the level of bottom of grout curtain; then in order to seep up into the
dam it must find either continuous cleaving (always perpendicular to bed-
din) or it must find further pervious layers combined with cleavage, The
latter seems far more likely. In this consideration the liklihood of per- •
vious strata or voids parallel to bedding place is perhaps in the magnitude
of I In 50 to I in 10. However, the likelihood of connecting cleaving Is
certainly far greater, possibly 1 to 100.

gonce the likelihood of any "sluicing" would be 1/50 x 1/30 x 1/100 t ± 1
to 150,000. Admittedly the probability is approximate but it ceztainly e
places the chance of "sluicing" in the proper light. Furthermore the chances
of "sluicing" into the core are less than the above; since here the closest
possible point of "sluicing" would be about 10 feet from the grout curtain
and the chances of such be about I to infinity with a gradual drop-off to
the above odds.

C 4

Assumiug that such "sluicing" were to take place the question arises where-
in could material be removed? The tremendous shell would act as a weighted
filter and the excessive water would be recaptured at the downstream stone
blanket. This stone blanket should, however, be carried to within 8 feet
of the core. /,
If the agency insists in protection against the "sluicing" I would insist
that the scheme used be Y-hat in B-a of Mr. Zacchi's letter since that B-b
would seriously effect the stability and the permeability characteristics
of the dam.

Very truly yours,

C 4

r NGINRING SZRVICRSv INC.
b;

CWW:mce:file

__



.J. ACCH ENGINEERS 
R. GIULIO PIZZETTI ASSOCIATE CONSULTANT

GILLETT STREET AITFORD, CONN. PHONE 525-E631
CORSO DUCA ABRUZZI TORINO, ITALY PHONE 519-473 0 4

.P.5. "" 3..r A.a.a.

November 27, 1963 4 i

State of Connecticut
Water Resources Commission STATE WATER RESOURCES
State Office Building COMMISSION
165 Capitol Avenue RECEIVED
Hartford 15, Connecticut

Nov 29 1963
Attention Mr. William P. Sander ANSWER..

REFERRE.D ....
Re: Crystal Lake Dam REFERED-

Middletown, Conn. -

Dear Mr.. Sander:

I have reviewed the letter from Clarence W. Welti
dated October 29, 1963 regarding the above-referenced dam. - 0
Following are my comments:

In regard to gradation of the core, there may be a
misunderstanding. There should be no disagreement on this
point. The gradation chart furnished us shows !'lower limit"
which establishes the largest sizes that can be used in the
core. This chart indicates that a core material with a
minimum size close to fine sand (0.065) m.m.) can be used.
A material close to this minimum size would have no binder
and would be pervious making a poor core. A minimum of 5%
clay should be included. This means revising the bottom
of Olower limitO curve slightly to include a minimum of
approximately 5% clay. I am sure this was the intent in
the design of the core.

In regard to protection against slubing action, it
is my considered opinion that this point should not be _
analysed using statistical probability so long as there
are avenues of design that avoid this uncertainty; espec-
ially considering unexplained failure of the previous dam.

* 4

* 4
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State of Connecticut
Water Resources Commission
Hartford 15, Connecticut November 27, 1963

Retaining the proposed design it appears the simplest
solution is to reduce the core eliminating that part down-
stream of the cut off wall which is vulnerable.

Very truly yours,.

A. J. MACCHI, ENGINEERS /

/ /
A J. C ]

cc.

P .

_ 0..



ONDERDONK & LATHROP
0ULTtWe aNaINalua

811IS MAIN TIrrLT
6LATONDURY, CONNCIrCUTsa= momm"M, P.9[.

-- P. IL.ANIWP, P.L Derember 10, 1963 T.mmm eSa401

Mr. T. J. Murphy, Jr., Commissioner
Public Works Department
State Office Building
Nartford 15,. Connecticut

Re Construction of Dam
Crystal Lake, Middletown

Project BI-BB-53

Attention: Mr. M. R. Case,
Assistant Chief Ergineer

Dear Mr. Case:

In reply to Mr. Macchi's letter of November 27, 1963, which you
forwarded to us on December 5, 1963, we make the following comments: .

1. ith reference to graaation of the core, we accept this
suggestion and will modify the core gradation curve

accordingly.

2. In reply to protection against "&1uicing action", we
have again conferred wit- Mr. Welti, our soile consultant, S
who states, "The analyuis of the dam was not done by Eta-
tistical probability; rather the statistical probability
was used to place the problem of 'sluiciz:j' in its proper
light. As mentioned in my letter of October 2C, iq6,
in the next to the last paragraph, the 'sluicing' that
might occur, could not cause damage of any substance to ,
the dam. Its head coulu not Lc.nceivably be more than a
few feet above the hydrostatic head within the dam at.
the point of entry into the core. Furthermore, the shell
is designed as a filter adjacent to the core and would xnot
per-..it core material to filter through to the stone blanket".

If there are any further questions please contact this office.

Yours very truly,

A. •

A. Bruce Cnderdonk, P. E.

AUo/c



STATE OF CONNECTICUT
WA TER -RESOURCES COMMISSION

STATE OFFICE BUILDING HARTroRD 15. CoNNEcTICUT

CMtIFICATE OF APPROVAL

April 27, 1966

r
State Board of Fisheries & Game
State Office Building TOWN: Middletown
Hartford., Connecticut RIVER: Sumner Brook

TRIBUTARY: Prout Brook
CODE NO.: C27.5 SB2.3 PB0.7

Gentlemen:

M,.IAND LOCATION Or STRUCTURE: Crystal Lake Dam on Prout Brook in the S

Tom of Middletown.

DESCRIPTION OF STRUCTURE AND WORK PERFORMED: Construction of earth -

dam about 115 feet long and about 35 feet high

CONSTRUCTION PERMIT ISSUED UNDER DATE OF: March 24, 1964

This certifie s that the work and construction included in
the plans submitted, for the structure described above, has been
completed to the satisfaction of this Commission and that this
structure. is hereby approved in accordance with Section 25-114
of the 1958 Revision of the General Statutes. _

The owner is required by law to record this Certificate in
the land records of the town or towns in which the structure is
located. S

WATER RESOURCES C01N4ISSION

I
BY:__ _ __ _ _

WiLliam S. Wise, Director -S~j 0
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PHOTO #1: Upstream face of dam.

PHOTO #2: Upstream face of dam. Note sappling trees
growing through riprap.



PHOTO #3: Crest of dam from left (North) abutment.

0

PHOTO #4: Crest of darn from right (South) abutment.
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PHOTO #5: Crest of dam and rockfill on downstream
slope from left abutment.

PHOTO #6: Rockfill on downstream slope of dam.
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PHOTO #7: Looking downstream from crest. Trees
growing out of rockfill up to 4 inches •
in diameter.

PHOTO #8: Downstream face of dam (looking upslope).
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PHOTO #9: Looking toward outlet structure near
toe of dam. Note tree uprooted on the .
slope.

Pc
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h0

PHOTO #10: Water control structure.

[ -
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PHOTO #11: 36"-diameter outlet pipe and grated
endwall.

e

PHOTO #12: Looking downstream along outlet channel.
Note large trees and brush.
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PHOTO *13: Reservoir Area. Dam is at lower right
of photograph. -~ ~
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;T.fJ( FLAHERTY-GIAVARA ASSOCIATES SHEET NO. OF-
AV -ENVIRONMENTAL DESIGN CONSULTANTS BY +1 DATE£.4.....)

k, ONE COLLUdSUS PLAZA NEW KtAVEN. CONN O=l0d203(?iMU1 CHK'D. eYaff L. DATE .&IkT

DETERMINATION OF SPILLWAY TEST FLOOD*
0

A. SIZE CLASSIFICATION

Storage Volume (Ac.-Ft.) 3S0 0

Height of Dam (Ft.) .O

Size. Classification ________

B. HAZARD POTENTIAL CLASSIFICATION

Category Loss of Life Economic Loss

Low None expected Minimal

Significant Few Appreciable

High More than few Excessive

Hazard Classification

C. HYDROLOGIC EVALUATION GUIDELINES

Hazard Size Spillway Design Flood •

Low Small 50 to 100-Year Frequency
Intermediate 100-Year Frequency to 1/2 PMF
Large 1/2 PMF to PMF

Significant Small 100-Year Frequency to 1/2 PMF
Intermediate 1/2 PMF to PMF
Large PMF

High
Intermediate PMF
Large PMF

Spillway Test Flood -hF

*Based upon "Recommended Guidelines for Safety Inspection of
Dams" Department of the Army, Office of the Chief of Engineers,
November 1976.
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CRYSTAL LAI(E DAM- MIDDLEMOWN '79-90-1 DKS 12/07/79 0

F A rcLcuD W N. t r-uel-I" I NG

APPROXIMATE FLOOD WAVE ROUT ING DASED UPON U.S. ARMY CORPS
OF ENGINEERS" "RULE OF THUMB GUIDANCE FOR ESTIMATING
DOWNSTREAM DAM FAILURE HAYDROGR,47HS" DATED APRIL., 1978.

INITIAL STATION = 0 +0
INITIAL WAVE HEIGTH = 50.0 FT
ASSUMED BREACH WIDTH = 28.0 FT

IN1IiAL RESERVOIR STORAGE = 350 ACRE.-FT
COMPUTED FLOOD WAVE PEAK FLOW = 16,634 CFS

OFF'SET ELEV. OFFSEr ELEV. OFFSET ELEV.

N = 0.080
-450.0 FT 200.0 FT -80.0 F-T 190.0 17T -10.0 FT 150.0 FT
-10.0 F'T 149.0 FT

N = 0.040
-10.0 FI" 149.0 FT -5.0 FT 147.0 rFr S.0 Fl 147.0 FT

10.0 FT 149.0 Fr'

N = 0.080
10.0 F]" 149.0 F- 30.0 FT 150.0 FT 70.0 FT 170.0 FT S
90.0 F7 18O. 0 FT 130.0 IT 190.0 FT 220. 0 FT 200.0 I!T

AREA WETTED PERIMETER N VELOCITY FLOW

86.3 SF 21.0 FT 0.080 10.6 FPS 91SCFS

24B.6 S-- 20.7 FT 0.040 43.4 FPS 1o.qB11CFS
307.3 0: 42.2 FT 0.080 15.5 F'PS 4.q'79.ZCF:S

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE I
147. 0 FT 12. 9 F 1' 159.9 FT' 642 " 25. 7 FT'S 163,525. CF-S 0.0O0

Z-2



* ~r~TI c3N I C) --

OFFSET ELEV. OFFSET ELEV. OFFSET ELE V...

N = 0.040
-590.0 FT 160.0 rr -460.0 FT 150.0 FT -400.0 FT 140.0 FT
-280.0 FT 130.0 -F -100.0 FT' 120.0 FT -60.0 FT 110.0 FT
-10.0 F7 107.0 FT -'5.0 FT 105.0 FT S.0 FT 105.0 fl
10.0 FT 107.0 FT 300.0 FT 110.0 FT 590.0 FT 110.0 FT

AREA WETTED PERIMETER N VELOCITY FLOW

1,224.8 U: 654.8 FT 0.040 12.6 FPS 15,446CF'S

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

105.0 FT S. 9 FT 110.9 FT 1,224 SF 12.6 FPS 15,446 CFS 0.0500

D-z/



p 0

!E-1 ^7 X3i CVID J C0C)l --- C

f OT-E ELEV. OFFSET ELEV. OFF SET ELEV. ...

N = 0.040
-900.0 FT 130.0 FT -600.0 FT 110.0 FT -400.0 Fr 100.0 FT
-1-70.0 FT 90.0 F-T -10.0 FT 88.0 F- -S.0 FT 8c..0 FI'

S.O FT 6. 0 FT 10.0 F7 88.0 Fr 700.0 Fr 90.0 r-I
800.0 FT 90. 0 FT 1500.0 F T 90.0 FT 1900. o F-r 1 oo. o F-r

2400.0 FT 110.0 FT 1700.0 FT 1W0.0 FT

AREA WEITED P'ERIME ER N VELOCIT Y FLOW S

20182.8 SF 1717.7 FT 0.040 G.0 FPS 135114CFS -

1NVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

86.0 FT 4.7 FT 90.7 FT 21182 SF .0 FPS 13,114 CFS 0.0190

-- - - -.. I " . . . I l . .. . . . .. . . . . . . ..-. . . .. . . . ..



OFFSE7 ELEV. OFFTTU ELEV. FST LV

N =0. 040
-1280.0 FT 130.0 Ft -920.0 FT 110.0 Fr -820. 0 FT 100.0 FT

-S10.0 FT 90.0 FT -100.0 Frr 80.0 PT7 -10.0 FTr 60.0 FT
-5.0 FT 78. 0 FT S.0 F*T 78.0 FT* 10.0 FT 80. 0 M.

200).0 FT 80.0 FT 1080.0 FT 80.0 i--r 1370.0 FT 90. 0 FT
1850.0 Frr 100. 0 FT 2000.0 FT7 110.0 FT

AREA WETTED rEPE14ETER N VELOCITY FLOW

29390.1 SF 1313.3 FTr 0.040 4. 2 r-lS 02CF-

NERT DEPTH- W. SURFACE AREA VELOCITY FLOW -- SLOPE

78. 0 FT 3.8a Fr 81.8 FT 2,390 SF 4.2 FPS io.i2E52 cr-s 0.0060

D-Z0



OT:: ELEV. O~z-T ELEV. tIFFSET LV

N =0. 040
-1100.0 FT 150.0 r-T -780.0 FT 110.0 rFT -490O.0 Fr 100.0 FT
-370. 0 FT 80. 0 FT -10.0 FT 77.0 oFT- -5. 0 FT 75.0 F1,

5.0 Fl' 75. 0 FT 10. 0 FT 77.O0 FT 350. 0 FT 80. 0 Fl'
S30 0a~ FT 100.0 F'r

AREA WE-TED PER IMEIER N VELOCITY FLOW

25170.1 SW 742.1 FT 0.040 3. 3 FPS 7. 3712CFS

iNVERT DE73TI-I W. SURFACE AREA VELOC1TY FLOW SLOPE

75. 0 F7 C.4 FT 8 1. 4 F- L, 170( SF 3.3 FPS 7,3-72 CFS 0. 0020



oF--r ELEV. OFFSET ELEV. OFT:,'ST ... EL V..

N = 0. 040
-80).0 F7 120.0 Fr -400.0 1'7 100.0 IT -100.0 F"T 90.0 FT
-80.0 FT 80.0 FT -30.0 FT 73.0 F'r 30.0 F-T 73.0 FT

SO.0 FT 80.0 FT 150.0 FT 100.0 1FT 400.0 FT 120.0 FT

AREA WETTED PER 1 METER N VELOCITY FLOW

1329.4 SF 165.0 FT 0.040 4.7 r-I'S 6.27,CFS

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

73.0 Fr 11.5 FT s4.5 F 1,329 SF 4.7 FPS 6s275 CFS 0.0010

-

- lZ0



r^-r x o- -733 *0 -

OFFSE~t ELE V. OF FSE T ELEV. OFFSET - LEV.

N =0. 040 -~-

-1100.0 FT 1 SO.O0 FT -600.0 FT 100. 0 FT -420. 0 FT -90. 0 FT
-170.0 F T 80. 0 FT -10.0 F-T 72.0 1:T - 5. 0 FT 70. 0 FT

5.0 FT 70. 0 Frr 10.0 FT 72.0 FT 330.0o FT s0.0 Fr
00.0o FTr 100. 0 FT 8E0.0 o -r 120.0 r T

AREA WETTlED F'ERXtETER N VE-LOCITY F PLOW 0

1,9311.4 SF 312. 9 F7 0.040 4. J FP'S 5 ,6(.2c FS

I NVVI T DEMT W- SURFACE AREA VELOCITY FLOW SLOPE

70. 0 FT 9.7 FT -?. 7 FT 1, 311 SF 4. 3 FPIS 5.662 CFS 0.0020

- ---- --- -



cF~sET ELEV. M~T SI I ELEV. CFTSET ENr.

N =0. 040 u
-4S0..0 FT7 60. 0 F" -300. 0 F T -50. 0 FT -00. 0 FT 40. 0 F-T
-10.0 FT' 17.0 FT -.5.0 FT 15.0 ir-r S. 0 FT 15.0 FT
10.0 Fr 1*7.-0 F-T 250. 0 rrT 50.0 Fl, 350.0 F £00

AREA WETTED PER IMETYER N VELOC ITY F LOW

377. 0 SF 90. 7 Fl 0.040 14.2 r-PS 55,3G8CFS

INVERT DEPTH W. SURFACE AREA VELOCITY FLOW SLOPE

15.0 Fr S. 3 FT 23.3 FT 377r csl 14.2 FPis s,:36a crs 0.0220
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